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Renal stone epidemiology: A 25-year study in Rochester, Minne-
sota. There are no adequate studies of the incidence of uroli-
thiasis in the United States, in spite of earlier claims that a
'stone belt" exists in the southeastern section of the country.
This report is the first description of the incidence and recur-
rence rates for symptomatic noninfected renal stones in a well-
defined population. A total of 798 patients were enrolled in the
study group, of whom 672 were incidence cases having had their
first episode as documented residents of Rochester, Minnesota,
between 1950 and the end of 1974. The annual age-adjusted in-
cidence rate for females was stable over the 25-year study period
at 36.0 per 100,000 population. That for males increased signifi-
cantly (P < 0.02) from 78.5 per 100,000 to 123.6 per 100,000.
Recurrence calculations showed a high rate for both sexes in the
first year, followed by lower but constant rates for all succeeding
years.
Epidémiologie de Ia lithiase rénale: Une étude portant sur 25 ans
a Rochester, Minnesota. II n'y a pas d'étude adequate de la fré-
quence de Ia lithiase urinaire aux Etats Unis malgré l'existence
présumée d'une 'ceinture lithiasique" dans la zone sud-ouest du
pays. Ce rapport est la premiere description de Ia frequence et
des taux de récidive pour les lithiases symptomatiques et non
infectées dans une population bien définie. Un total de 798 mal-
ades a été inclus dans cette étude dont 672 ont eu un premier
episode alors qu'ils étaient residents de Rochester, Minnesota,
entre 1950 et 1974 inclus. La fréquence annuelle ajustée pour
l'âge a été stable pendant les 25 années étudiées, pour les
femmes, a 36,0 pour 100.000 personnes. Celle pour les hommes a
augmenté significativement (P < 0,02) de 78,5 pour 100.000 a
123,6 pour 100.000. Les récidives sont particulièrement fré-
quentes Ia premiere année, dans les deux sexes, puis une fré-
quence plus faible et stable est observée pendant toutes les an-
nées ultérieures.
Renal stone disease is an important and frequent
occurrence in medical practice, both in the United
States and abroad, and there are indications that the
incidence of the disease might be increasing in some
areas [1-4]. In spite of the amount of research di-
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rected toward elucidating the cause of renal stones,
few reliable data exist regarding the incidence of
renal stones in the United States, although several
studies offer some information on other countries.
It appears that whereas renal stones are common
and perhaps becoming more so in the industrialized
western world, bladder calculi, particularly in chil-
dren, represent the major manifestation of the prob-
lem in the more underdeveloped areas [4—6].
Discussions of the incidence of renal calculi in the
United States rest on the work of Sierakowski et al
[7] and Boyce, Garvey, and Strawcutter [8]. These
studies seem to show differences among various re-
gions of the country, and both of these groups of
investigators show that the rates of hospital admis-
sions or dismissals for renal lithiasis are higher in
the southeastern part of the United States, although
Sierakowski's group was unable to show a statisti-
cally significant difference because of the wide vari-
ability within each state. The data are based on a
nationwide hospital survey of hospital dismissals
for renal lithiasis in 1974 and in 1948 to 1952. Unfor-
tunately, only 27% and 13%, respectively, of the in-
stitutions surveyed contributed data complete
enough for analysis, and therefore the data are
somewhat incomplete. Furthermore, only patients
with stone disease requiring hospital admission are
included in the study. Apparently, outpatient visits
are not considered. In addition, there are problems
of interpretation because different policies may pre-
vail regarding admission of patients to the hospital
for stone symptoms.
Other studies using questionnaires of hospitals or
private physicians, particularly urologists, have al-
so advanced the thesis of regional variations [9, 10],
These studies suffer from the same problems as the
Boyce group's study, however, and cannot provide
estimates of incidence or recurrence.
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Garrett and Shelley [11] suggested an apparent
association with geographic location in the patients
presenting to the Nashville Veterans Administra-
tion Hospital with renal stone disease. A dispropor-
tionate number of the patients with renal stones
came from outside of Nashville in comparison with
the total patient population.
The best data on the incidence of renal stones
come from abroad, particularly from Scandinavia.
Ljunghall and Hedstrand [12] have studied 50-year-
old males living in Uppsala, Sweden, by using
mailed questionnaires followed by interviews of
those patients who gave affirmative replies. They
reported a history of renal stone disease in 13.7% of
2,322 males studied in 1970. Of the 318 reporting at
least one stone episode, 42% reported more than
one. Annual incidence rates cannot be determined
from such a study, however, and only males of age
50 were considered.
It is clear that the studies from the United States
suffer from several major deficiencies. There are
large variations in the practice of admission of pa-
tients to hospitals for kidney stones, and factors
other than true incidence rates are reflected in hos-
pital statistics. Those treated as out-patients are not
included. There are no studies done in the United
States on a well-defined population. The data from
abroad (Almby, Meirik, and Schönebeck [13] and
Norlin et al [3]) do not offer meaningful annual in-
cidence rates, although their contributions toward
the issue of stone epidemiology are substantial. The
study described herein provides, to our knowledge,
the first incidence and recurrence rates for a dis-
crete United States population, utilizing both hospi-
tal admissions and outpatient visits.
Methods
Understanding earlier studies of urolithiasis is
made difficult by a lack of uniformity in the use of
epidemiologic terms and by imprecise definitions of
the populations under study. In this report, we shall
always be dealing with the population of Rochester,
Minnesota, and our definitions of the terms in-
cidence," "prevalence," and "recurrence" are
presented below.
Specifically, incidence refers to the first sympto-
matic and diagnosed episode in a person's life, and
the incidence rate is then the ratio of the number of
persons from a population experiencing such epi-
sodes during a specified interval of time to the num-
ber in the population at the midpoint of the interval.
Specifically, persons who had asymptomatic stones
or those with stones who had other primary prob-
lems such as reflux with urinary tract infection and
struvite stone formation were not included. Twenty
patients who had infection with struvite stones were
excluded because they presented with infection
rather than with stone problems.
In the spirit of the above definition, the word
prevalence is used to refer to persons who have had
one or more episodes. Properly, then, prevalence
refers to the prevalence of "a history of the dis-
ease," and the prevalence rate is the proportion of
persons in the population at some date who have
such a history. Recurrence of the disease refers to
episodes subsequent to the initial one.
These definitions follow the strict epidemiologic
use of the terms, although we recognize that a study
of some issues, such as the need for health services,
is more properly based on the rate of occurrence
(incidence plus recurrence) or on the prevalence of
active cases in the population. To facilitate commu-
nication, however, it is important to establish and
follow careful definitions as we have done in this
study.
This study was part of the Rochester Epidemio-
logic Program Project and was conducted in a fash-
ion similar to previous studies in the same popu-
lation [14]. The Rochester Project has created a
linkage among the central index of medical diag-
noses of the Mayo Clinic (including the two affiliat-
ed hospitals), the records system of a local multi-
specialty practice group (the Olmsted Medical
Group), the local community hospital, surrounding
area hospitals, the University of Minnesota Hospi-
tals, and the Minneapolis Veterans Administration
Hospital. It has been well established that this sys-
tem assures nearly complete case ascertainment for
Rochester residents of any condition requiring med-
ical attention [14].
In this study, every Rochester resident present-
ing to one of the institutions in the linkage system
with a clinically symptomatic episode of renal cal-
culus (colic, hematuria, dysuria) during the 25-year
period 1950 through 1974 was identified and is in-
cluded. A resident was defined as a person who was
documented as having lived within the city limits of
Rochester for the year preceding the stone episode.
The vast majority of such residents receive their
medical care either at the Olmsted Medical Group
or at the Mayo Clinic, where they receive a compre-
hensive program of care, which includes a special
division of the Clinic that treats local inhabitants
both on an outpatient basis and in the two Mayo-
affiliated hospitals.
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Once study subjects were identified, data were
abstracted from the clinical records for the duration
of their tenure as Rochester residents, both before
and after the episode of symptomatic renal stone
that indexed the subject's entry into the study. Spe-
cific criteria for defining stone passage included,
most importantly, a characteristic pain pattern of
sudden onset of colic in the flank with radiation to
the groin. If the pain was atypical, evidence of gross
or microscopic hematuria or radiographic confirma-
tion was required. Individuals experiencing one or
more such attacks between 1950 and the end of 1974
were entered into the study, and available clinical
data were collected for each patient as long as he or
she remained a Rochester resident.
In addition, patients' records were followed for
evidence of stone recurrence. An episode of colic
that met the same diagnostic criteria as for an initial
diagnosis, and that followed a period of at least 2
weeks during which the patient was free of all
symptoms, including hematuria, was defined as a
recurrence.
The calculation of incidence rates involved only
those episodes that were clearly the first such epi-
sode experienced by the patient and was restricted
to patients for whom such first episodes occurred
while they were Rochester residents during the pe-
riod 1950 through 1974.
Results
The total number of patients entered into the
study was 798. Of these, 672 were documented as
having had their first episode as residents of Roch-
ester. These constituted the incidence cases, which
included 468 males and 204 females. Our incidence
and recurrence calculations involved only this
group.
The 798 patients had a total of 1,697 separate epi-
sodes of stone symptoms reported in the available
medical records; 684 were alive as of the latest in-
formation and 114 were known to have died.
Table 1 gives the distribution of age at first epi-
sode for each sex of the 672 incidence patients; in
each sex, the first episode occurred primarily in the
interval from age 30 to 60 years and uniformly with-
in that interval. The annual age-adjusted incidence
rates by sex are given in Table 2. As can be seen,
the overall rate for males is 109.5 per 100,000 popu-
lation and the rate for females is 36.0 per 100,000,
for a male-to-female ratio of more than 3 to 1. The
female rates were remarkably stable, whereas over
the 25-year study period the male rates per 100,000
population increased from slightly less than 80 to










lOtol9 14 3.0 11 5.4 25 3.7
20to29 67 14.3 40 19.6 107 15.9
30to39 116 24.8 43 21.1 159 23.7
40to49 97 20.7 20 9.8 117 17.4
50to59 98 20.9 38 18.6 136 20.2
60to69 57 12.2 31 15.2 88 13.170 19 4.1 21 10.3 40 6.0
Total 468 (100) 204 (100) 672 (100)














1950to54 53 78.5 39 43.2 92 58.7
1955to59 71 91.6 33 32.6 104 58.4
1960to64 99 114.9 38 33.7 137 70.3
1965 to 69 100 100.8 43 33.0 143 63.4
l970to74 145 123.6 51 32.4 196 73.4
1950to74 468 109.5 204 36.0 672 68.7
a Age is adjusted to 1960 US white population. Rates are per
100,000 population per year.
Table 3. Average annual age-specific incidence ratesa
1950 to 64 1965 to 74
Males Females Males Females
Age,yr Cases Rate Cases Rate Cases Rate Cases Rate
<35 67 44.9 38 21.3 76 49.1 37 20.8
35—49 73 166.9 20 39.0 78 198.2 19 46.3
50 83 165.4 52 72.3 91 204.1 38 55.0
Total 223 91.7 110 36.5 245 102.6 94 32.7
a Rates are per 100,000 population per year.
nearly 124. A trend test applied to the male rates
yielded a P value of less than 0.02, which suggests
that the increase in rates is unlikely to have been
due to chance. In Table 3, average annual age-spe-
cific incidence rates are presented for three age
groups and two calendar periods; this allows identi-
fication of males more than 35 years old as the high
incidence group and as contributing most to the in-
crease in rates. The subjects were combined into
two time periods to provide large enough numbers
in the groups for this analysis. The increase in in-
cidence is most apparent in the 50- to 70-year-old
group of men.
In an attempt to evaluate the possibility of a sea-
sonal pattern of diagnosis, all incident episodes that
could be precisely dated were grouped according to
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the quarter of the year within which they occurred.
In addition, all episodes occurring in Rochester
residents were also so grouped. Of the incidence
cases in Rochester, 55% were diagnosed between
April and September; the corresponding figure for
all episodes is 52.4%. The variability in the data and
the differences in the sexes, however, do not sup-
port the concept of a seasonal pattern. Such an as-
sociation has been reported in cases of surgical re-
nal stones in northern Mississippi [15] and in Savan-
nah, Georgia [16]. These data, of course, do not
necessarily bear upon when the stones were
formed.
The prevalence of a history of a disease such as
urolithiasis is not easily measured with the tech-
niques of the Rochester Epidemiological Project,
because clinical manifestations attended to by a
physician are required in order for an individual to
come to our attention. Thus, only patients who had
a symptomatic episode requiring medical attention
during the study period and for whom the medical
attention was provided by the Mayo Clinic or one of
the other network facilities would be identified. At
any one time, there are no doubt members of the
population who have had a symptomatic episode
that does not come to our attention. Thus, the data
in our study cannot be used directly to estimate
prevalence. If we make, however, the assumption
that mortality among those with a history of uroli-
thiasis is not different from that of the general popu-
lation, and if we further assume immigration and
emigration to be independent of the diagnosis, then
the cumulative incidence can be used to approxi-
mate prevalence. Applying this procedure to our
data produces an estimate of prevalence increasing
slowly to a peak level of about 12% in males more
than 70 years old. The rate for females is less than
5% and reflects the lower incidence rate among fe-
males.
There was a total group of 211 patients (161 males
and 50 females) who had at least one recurrence of
symptoms. Figure 1 illustrates the recurrence
curves corresponding to the 672 incidence subjects.
From the figure, it can be seen that for both sexes
there was a relatively constant annual rate after the
first year, with a high rate in the period immediately
after the initial episode. This is undoubtedly partly
explained by a limitation in the criteria for estab-
lishing recurrence; some of the episodes occurring
soon after the 2-week limit might have been caused
by further movement of a stone that was totally
quiescent for 2 weeks or more. Accordingly, two
annual recurrence rates were calculated: for the
I I I I I I I I I I I 1
1 2 3 4 5 6 7 8 9 10 12 14
After 1st stone diagnosis, years
Fig. 1. Recurrence, first diagnosis to first recurrence.
first year and for all subsequent years. Males had a
rate of 15.9% in the first year, females 12.4% (95%
confidence limits 12.3 to 20.3 and 7.9 to 18.8, re-
spectively). Annual rates for subsequent years were
3.7% for males and 2.0% for females (95% con-
fidence limits 3.0 to 4.5 and 1.3 to 2.9, respectively).
Although the number of individuals suffering a third
episode, or second recurrence, was too small to al-
low precise rate calculations, Fig. 2 implies that
their annual rate was higher than that obtained for
initial episode to first recurrence. There were 67
males and 22 females who had a second recurrence.
To show that the rate of recurrence over the 25-
year study period was probably constant, as the
above calculation assumes, we arbitrarily divided
the 161 males into two groups of 80 and 81 in se-
quence of the recurrence. As can be seen in Fig. 3,
the two groups show quite similar recurrence rates.
The steepness of the curves when compared with
Figs. 1 and 2 reflects that all subjects went on to
experience a recurrence.
One of the important aspects of this study is the
relative frequency of evaluation of patients as out-
patients versus in-hospital cases. Fifty-one percent
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these were clinic outpatients, 49, emergency room
patients; and 92, house-call evaluations. Forty-four
percent of all patients (350) were ultimately hospi-
talized: 250 of these were admitted through the clin-
ic and 100 through the emergency room. In 5% of
patients, it is not clear whether they were admitted
or not.
Evaluation of the mode of diagnosis in our cases
showed that 42% of patients had their stone diag-
nosed on a plain film (KUB), 44% had an excretory
urogram, and 12% had cystoscopy with positive
findings. Seventy-three percent of all patients had
hematuria. These categories are not mutually exclu-
sive. In about 20% of the cases, the diagnosis was
made on the basis of a characteristic history usually
associated with hematuria. In a few patients, the
history is only suggestive, and these were not in-
cluded in the study.
Shown in Table 4 are the chemical compositions
of renal stones recovered from the initial passage
while the patient was a Rochester resident. The
analysis for the first 15 years of the study was quali-
tative only, and usually only the predominant com-
ponent was reported. Our findings agree with those
Fig. 3. Recurrence among males, early and later group in study
period.
in previous series [17], except for the magnesium
ammonium phosphate variety, of which our group
had only one. These stones are nearly always in-
fected stones, and patients with this type usually
present with symptoms of long-standing infection
rather than colic; thus, they may remain unrecog-








Magnesium ammonium phosphate 1a
Mixed (mostly calcium oxalate
with phosphate or carbonate) 51
Unknown (not tested) 431
a Magnesium ammonium phosphate stones from patients with
long-standing urinary tract infections and "asymptomatic"
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nized as stone formers and would be expected to be
represented less frequently in the present study. A
review of all apparent struvite stones in this cate-
gory revealed 20 cases of staghorn calculus, which
were not included in the present series.
Discussion
We believe that our study has avoided many of
the problems of earlier descriptions of renal stone
epidemiology by using a well-defined and circum-
scribed population and precise definitions of in-
cidence and recurrence. We have also shown that a
significant number of patients who have colic are
not hospitalized, and thus any study that ignores
out-patients will seriously underestimate the in-
cidence rates.
The data we have presented show a significant in-
crease in incidence among males over the 25-year
study period, whereas female rates remained con-
stant. We identified the group contributing most to
this increase—namely, males more than 35 years
old. During the earlier phase of this study, the
male:female incidence rate ratio was 1.8:1.0 but it
had increased to 3.8:1.0 by 1970. This corresponds
to the empiric observation by clinicians of a male
predominance among patients with renal stones.
Further, stones have long been observed to be a
condition affecting middle-aged or older patients,
and our data support this contention.
Data concerning the occurrence rate of renal
stones and possible etiologic factors come from Is-
rael. Frank et al [18] studied residents of Israeli set-
tlements who were originally European compared
with settlers who came from the Near East. Habits
of fluid intake varied between these groups. Those
who were unused to heavy labor in hot, arid cli-
mates and who did not increase their fluid intake
suffered an apparent high rate of stone disease. Al-
though incidence and prevalence cannot be deter-
mined from their report, among 30,292 settlers, 357
cases of stones were reported over an unspecified
time period, representing 1.18% of the settlers.
Children of immigrants did not experience the same
high rate of occurrence that their parents did.
In addition to the Israeli data, other studies on
renal stones in arid regions seem to show a high rate
and an association with decreased fluid intake [19]
or, conversely, a low rate in wet, tropical regions
[20].
A study of age-specific occurrences of renal
stones in the British Royal Navy in 1958 to 1967 was
reported by Blocklock [21]. He showed an increas-
ing age-specific occurrence to age 45. Unfortu-
nately, his data do not tell us incidence rates, for we
have no knowledge of whether these were initial or
recurrent stones. The summation of stones given as
prevalence data for all ages was 3.5%. Again, we do
not know whether recruits were excluded from the
navy for a history of calculi, and this would have
affected prevalence rates. Recurrence rates were
37.5% in the second year in that study, but we do
not know whether these represented first or sub-
sequent recurrences or whether these persons were
followed up more carefully than other personnel.
Norlin et al [3] have studied symptomatic renal
stone disease in an urban Swedish hospital. Appar-
ently assuming that all members of a certain popu-
lation who required care would be seen at that hos-
pital, they derived annual incidence rates for their
population for two periods, 1953 to 1955 and 1968 to
1970. Their data revealed an increase in annual in-
cidence from 2.2 to 3.3% among males and from 0.5
to 0.8% among females. Their study included only
patients who presented to the hospital with symp-
toms of renal colic and who later proved to have
positive radiographic findings. The patients were all
seen in the emergency department of the hospital;
no reference was made to office or clinic visits, and
it is not clear from the report whether the Swedish
medical system makes this consideration unimpor-
tant. Also unclear is the population to which their
cases applied in the derivation of "rates."
Almby, Meirik, and Schönebeck [13] have com-
pleted a study of renal stones in a defined popu-
lation in Sweden. They examined the records of the
single hospital in a community of 121,000 people.
Patients who had presented with a typical pain his-
tory and gross or microscopic hematuria were in-
cluded in their study. They reported an overall an-
nual incidence of 180 per 100,000 population. Males
between the ages of 30 and 50 had the highest annu-
al rates, which ranged from 500 to 600 per 100,000
population.
There remain problems in interpreting the data in
this study. As best as can be determined from the
report, what has been calculated is not an incidence
rate in the sense of new cases of renal stone disease
in a particular year but rather an occurrence rate.
Patients having first attacks of stone and those
whose attack represents a recurrence of their prob-
lem are lumped together in the calculation. Their
extremely high rates are in part attributable to this
method.
Comparison of our data with those of other re-
ports is difficult, as we have noted. The Norlin
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group's study [3], however, does suggest that the
incidence has increased in recent years in Sweden.
Because the study by Aimby et at [13] is the only
one offering the possibility of comparison of figures,
it seemed appropriate to attempt to derive approxi-
mations of true incidence from their description. On
the basis of Fig. 3 in their report, we estimate that
approximately 160 of the 436 cases represent recur-
rences, which are not appropriate in the calculation
of incidence rates. Eliminating these subjects from
the calculation of incidence would yield the follow-
ing overall incidence rate:
276/121,000/2 x 100,000 = 114/100,000 per year
Further assuming the population to be 50% males
and 50% females, as implied by their Fig. 1, and
assuming the 276 incidence cases to be proportion-
ately divided into 78% males and 22% females, as
with the total group, the sex-specific annual in-
cidence rates are approximately 178/100,000 per
year for males and 50/100,000 per year for females.
In an attempt to examine their highest risk
group"—males age 30 through 59 years—we esti-
mated from their Fig. 2 that approximately 110 of
their incidence cases came from that group and that
the population size for that group was 13,500, as im-
plied by their Fig. 1. The corresponding incidence
rates would then be about 400/100,000 per year.
This is about twice the rate for our group older than
35 years for the period 1965 through 1974. Similar
calculations for all males and all females separately
yield estimates of incidence rates that are consis-
tently 50% or more higher than the rates obtained in
our study.
It is difficult to explain these rather dramatic dif-
ferences in incidence rates between Norrkoping,
Sweden, and Rochester, Minnesota. Possibly they
are artifactual because of a difference in study de-
sign for which we have not been able to "adjust" in
the calculations described above. It is also quite
possible, of course, that they are real differences; if
so, further study would seem to be called for to
explain them. This seems particularly important be-
cause the genetic makeup of the Rochester popu-
lation, which is primarily Caucasian of northern Eu-
ropean extract, should not be too drastically dif-
ferent from that of Sweden.
Recurrence rates for stones are difficult to assess.
As was pointed out by Williams [22], most studies
of recurrence of stones have ignored the length of
follow-up. He reviewed several studies in which the
random recurrence rates were 28 to 63%. His own
study averaged 18.5 years of follow-up. Among
these patients, 80% of males and 30% of females
had a recurrence. If this was constant as in our se-
ries, this would be 4.4% and 1.7% annually. This is
remarkably similar, considering that his study dealt
with patients who presented for surgery initially (89
of 129) and in whom 28% of all stone episodes re-
quired surgery. This population was markedly dif-
ferent from ours, in which only 108 of the total of
1,678 episodes resulted in surgery (6.4%). Further-
more, those patients were preselected, in that at-
tending this specialty clinic for at least 10 years
might represent preselection for more recurrent, se-
vere, or serious cases.
We offer no explanations for our significant in-
crease in incidence among males, but it is curious
that whatever process is operating does not seem to
be affecting females. We await descriptions from
other regions as a prerequisite to identifying pos-
sible etiologic agents.
There have been many suggestions as to the
cause of the increasing incidence of kidney stones
in the world population. They include increased in-
take of protein in Western civilization, increased in-
take of refined sugar, and decreased fluid intake.
Unfortunately, the studies that we have done in
Rochester to date shed no specific light on the rea-
son for this change. The stability of the Rochester
population is of some interest. Although there are a
large number of medical residents who train here in
any given year, this appears to be less than 1% of
the total population. In general, this population is
quite stable, as evidenced by the fact that the aver-
age follow-up was 14 years, although the population
has increased by 30% over the past 25 years.
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